Urocortin (UCN) is a 40-amino acid neuropeptide sharing 45% sequence homology with corticotropin-releasing factor (CRF). The human endometrium expresses both UCN and CRF, and CRF/UCN receptors type-1 (CRF-R1) and -2 (CRF-R2). CRF-R1 activation inhibits cell growth and proliferation of a tumor cell line derived from the human endometrium, and the UCN signaling pathway has been implicated in tumorigenesis of several tissues. Therefore, we investigated whether UCN mRNA and peptide are expressed by human endometrial adenocarcinoma, and whether their expression changes compared to controls. Samples of well (grade 1; nZ6 endometrioid adenocarcinoma, of whom nZ1 with squamous differentiation, and nZ1 clear-cell carcinoma) and poorly differentiated (grade 3; nZ3 endometrioid adenocarcinoma) endometrial adenocarcinoma were collected from nine women (age range 61-79 years) enrolled at the time of diagnosis. Healthy endometrium was collected from postmenopausal women (controls; nZ13; age range 64-78 years), who underwent hysterectomy for uterine prolapse. Immunohistochemistry was used to evaluate cellular UCN localization, with the intensity of immunostaining scored on a subjective scale. Quantitative real-time reverse transcriptase (RT)-PCR analysis was used to estimate mRNA expression changes and restriction analysis was used to confirm PCR products identity. UCN mRNA expression was significantly reduced (P!0$0001) in endometrial adenocarcinoma than in healthy controls. Immunoreactive UCN was found in luminal and glandular epithelial cells in healthy, but not in neoplastic samples. UCN mRNA and peptide expressions are decreased in endometrial adenocarcinoma. These data and the evidence that endometrial cancer expresses UCN receptors and UCN is involved in tumorigenesis of several tissues together suggest a role for UCN in endometrial tumoral cell growth and proliferation.
Introduction
The human endometrium expresses several peptides/proteins that are believed to participate in the paracrine signaling to other cell types during the menstrual cycle and in early pregnancy, and dysfunction in synthesis and secretion of these factors may be involved in pathological conditions, such as endometrial adenocarcinoma.
Among the locally produced brain peptides, urocortin (UCN) is one of the most recently identified. It is a 40-amino acid neuropeptide that shares 45% sequence homology with corticotropin-releasing factor (CRF), and that, like CRF, also acts in vitro to release adrenocorticotropin from dispersed rat anterior pituitary cells (Donaldson et al. 1996) . The homology with CRF is also underlined by the fact that UCN binds with different affinity to both CRF receptors type-1 (CRF-R1) and -2 (CRF-R2) (Aguilera et al. 2004) .
UCN gene expression and synthesis have been reported in epithelial and stromal cells of the human endometrium, and by immunohistochemistry, the peptide has been localized in the endometrial luminal and glandular epithelial cells, and stromal cells of both proliferative and secretory endometrial phases (Florio et al. 2002) . In addition, the human endometrium also expresses both CRF-R1 (Di Blasio et al. 1997) and CRF-R2 (Karteris et al. 2004) , and in in vitro experimental models, the activation of the cAMP pathway induced by the binding to CRF-R1 located on endometrial stromal cells demonstrated differentiating activity, since those cells undergo decidualization (Ferrari et al. 1995) . Furthermore, the activation of CRF-R1 receptor subtype, which is expressed under basal conditions by a tumor cell line derived from the human endometrium, namely adenocarcinoma Ishikawa cells, inhibits tumor cell growth, and proliferation in a dose-and time-dependent manner (Graziani et al. 2002) .
Moreover, studies in tumor models have suggested the involvement of CRF/UCN common signaling pathways in tumorigenesis of several tissues (Tjuvajev et al. 1998 , Slominski et al. 2000 , Carlson et al. 2001 .
In the present study, we investigated whether UCN mRNA and peptide are expressed in human endometrial adenocarcinoma, and whether their expression and localization change in comparison to healthy menopausal endometrium.
Materials and Methods

Tissue collection
Informed written consent was obtained from all patients prior to inclusion in the study, for which the local Human Investigation Committee approval was obtained. Two groups of women were studied:
(1) women with endometrial adenocarcinoma (nZ9; age range, 61-79 years), enrolled at the time of diagnosis, who did not take any hormonal replacement therapy in their clinical history. Pathological diagnosis was done on hysterectomy specimens and, according to the criteria of the International Federation Gynecology and Obstetrics, they were classified as well (grade 1; nZ6 endometrioid adenocarcinoma, of whom nZ1 with squamous differentiation, and nZ1 clear-cell carcinoma) and poorly differentiated (grade 3; nZ3 endometrioid adenocarcinoma) (Table 1) ; (2) postmenopausal women (nZ13; age range, 64-78 years), who underwent hysterectomy for uterine prolapse (controls), that served as age-matched controls. In the clinical history of these subjects, the absence of infections or neoplastic diseases and any estrogen and/or progestin pretreatment was the exclusion criteria.
Trophoblasts collected from placentas of healthy pregnant women (nZ3) at term pregnancy (39 weeks of gestation) were used as positive control (Petraglia et al. 1996) . The inner part of the neoplastic and healthy tissues was collected far from the myometrium, in part fixed by immersion in 10% buffered formalin for the immunohistochemistry study, and in part (about 500 mg) immediately submerged in a RNA stabilization reagent (RNAlater; Qiagen) for the extraction of the total RNA.
RNA isolation
Total RNA was extracted from frozen tissue samples using a commercially available kit (Trizol; Invitrogen). Approximately 5 mg total RNA was subsequently treated with DNase (DNase I Set; Promega). Quantification of total RNA was performed by measuring absorbance at OD 260 . The quality of total RNA was controlled by running 1$5% agarose gels buffered in 89 mM Tris, 89 mM boric acid, and 2 mM EDTA (pH 8$3) and assessed as acceptable if strong and intact 28S rRNA and 18S rRNA bands were visible under u.v. light after staining with ethidium bromide. No bands of genomic DNA were observed in agarose gels after DNase treatment. cDNA synthesis from total RNA (1 mg) was carried out in a reaction volume of 20 ml containing 50 mM Tris-HCl (pH 8$3), 75 mM KCl, 3 mM MgCl 2 , 10 mM dithiothreitol, 5 mM random hexamer primer, 2$7 mM deoxynucleoside triphosphate (all reagents obtained from Invitrogen) and moloney murine leukemia virus retrotranscriptase (Ambion, Celbio SpA, Pero, Italy) in the presence of RNAsin (Ambion). RNA was initially denatured at 85 8C for 5 min. The reaction mixture was then added and reverse transcription was performed at 42 8C for 90 min. The reaction was stopped by denaturing the enzyme at 85 8C for 15 min. The cDNA was immediately subjected to qualitative PCR and quantitative real-time reverse transcriptase (RT)-PCR. For each RNA sample, a parallel reaction tube was prepared as described earlier, but without reverse transcriptase (RTnegative control).
Real-time quantitative RT-PCR analysis
To quantify mRNA expression of UCN, real-time quantitative RT-PCR was performed using SYBR Green I dye kit (based on a uniquely modified Thermus brockianus (Tbr) DNA polymerase) according to the manufacturer's instructions (Finnzymes, Espoo, Finland), through a DNA Engine Opticon 2 (MJ research, BioRad). All samples were run in duplicates on 96-well optical PCR plates (Applied Biosystems, Weiterstadt, Germany). Standard RNA preparations were included in every RT-PCR run. The mastermix used for real-time PCR was the Dynamo SYBR Green (Finnzymes) that allows reproducible detection of Table 1 Intensity of urocortin (UCN) immunostaining in postmenopausal endometrium (controls) and endometrial cancer tissues scored on a subjective scale ranging from K (no staining) to CC (maximal staining) by three independent assessors
UCN immunostaining intensity
Staining intensity Endometrial cancer
Staining intensity
Grade/stage
*With squamous differentiation. **Clear-cell endometrioid adenocarcinoma.
low copy number templates. The advantage provided by this mix is to offer more efficient amplification coupled with increased polymerase processivity results in earlier C(t)s and shorter overall quantitative PCR times. UCN was normalized to hypoxanthine phosphoribosyltransferase (HPRT, used as a housekeeping gene (Vigano et al. 2002) ). The specific primers used to amplify cDNA fragments corresponding to UCN (Gene bank access no. NM003353) and HPRT (Gene bank access no. NM000194) were: 5 0 -GCTTGCTGGTGAAAAGGACC-3 0 (sense); 5 0 -CTTG CCCACCGAGTCGAAT-3 0 (antisense) for UCN (expected size, 145 bp); and 5 0 -TGAAGCTGCAGACACTCAGG-3 0 (sense); and 5 0 -CTCTCCCAACACCATCACCT-3 0 (antisense) for HPRT (included intron size, 270; expected size, 99 bp). Computer analysis performed to compare the synthesized oligomers with the human sequences in the gene database of the National Center Biotechnology (NCBI), using BLAST (Altschul et al. 1997) , revealed no significant homology among all others genes. Sequence homology among the different oligomers used in the present study was also avoided, excluding possible cross reactions.
To amplify the housekeeping gene HPRT, the same RNA of each sample was used and all the experiments were performed in duplicate. After an initial denaturation for 1 min at 958C, denaturation at the subsequent 40-50 cycles was performed for 15 s at 95 8C, followed by 15 s primer annealing at 60 8C for HPRT and 58 8C for UCN respectively with a final extension at 72 8C for 15 s (for both). The DDC T method (Livak and Schmittgen 2001) was applied as a comparative method of quantification.
The specificity of the amplified fragment was demonstrated by the melting curve, where a single peak was observed for each sample amplified with UCN primers. Any other nonspecific product, such as primer-dimers, is easily detected in this step. The presence of a single peak is a demonstration that no unspecific amplicon has been produced during the amplification.
Assessment of PCR product
The PCR product identity was confirmed by restriction analysis. In brief, the PCR products were extracted with phenol:chloroform and precipitated with ethanol. The amplified fragment was digested with AVAII (Sigma) following the manufacturer's suggested conditions. The products were separated by 12% PAGE, visualized by ethidium bromide staining under u.v. light, using PUC Mix marker 8 (M-Medical, Milan, Italy), and photographed.
Immunohistochemistry
To evaluate the localization of UCN, immunohistochemistry was carried out on 5 mm thick sections, obtained from paraffin-embedded samples, mounted on electrostatically charged slides, and dried overnight at 37 8C. Sections were de-waxed, rehydrated, and washed in Tris-buffered saline (TBS; 20 mM Tris-HCl, 150 mM NaCl (pH 7$6)). Tissue solutions were heated in a microwave oven 2 times for 5 min at 750 W and rinsed in 3% H 2 O 2 to block endogenous peroxidase. Slides were incubated overnight at room temperature with primary antibody.
The antiserum used for UCN was a rabbit anti-human polyclonal antibody diluted 1:1000, provided by Professor W. Vale (Salk Institute, La Jolla, CA, USA). The reactions were developed by successive incubations with anti-rabbit immunoglobins labeled with biotin, the avidin-biotin peroxidase complex (Vector Lab, Burlingame, CA, USA) and 1 mg/ml 3,3 0 -diaminobenzidine tetrahydrochloride (Sigma) as chromogen substrate, in TBS containing 0$3% H 2 O 2 . Harris hematoxylin was used for nuclear counterstaining. A positive reaction was characterized by the presence of granular brown staining in the cytoplasm.
For each case, a negative control was obtained using the antibody preadsorbed with the corresponding peptide at the concentration of 20 mg/ml diluted antibody.
Assessment of staining
The individual intensity of immunostaining of tissue section was scored on a subjective scale, i.e. 0 (no staining),G focal weak staining, C weak diffuse staining, CC intense diffuse staining, by three independent assessors.
Statistical analysis
After confirming a normal distribution, mRNA data were summarized as meansGS.E.M. Between-group differences were evaluated by using the unpaired t-test, and statistical significance assumed when P!0$05.
Results
Expression of UCN mRNA
Total RNA extracted from endometrium was analyzed by RT-PCR. A band corresponding in size to UCN product (145 bp) was obtained and no amplified fragment caused by DNA contamination was detected in any experiment (-RT Fig. 1A . The identity of UCN PCR product was then confirmed by restriction analysis with AvaII. As shown in Fig. 1B , the 145 bp PCR fragment contained an AvaII site yielding products of expected size in all the samples examined.
When evaluated by quantitative real-time RT-PCR, the expression of UCN mRNA in the endometrial carcinoma was significantly (P!0$0001) lower than in healthy postmenopausal endometrium (Fig. 2) .
Localization of UCN peptide
In normal postmenopausal endometrium, luminal and glandular ( Fig. 3A and B ) epithelial cells were strongly and consistently immunoreactive for UCN. Vascular endothelial cells were also stained, while stromal cells showed weak or absent immunostaining (Fig. 3A and B) .
In samples of endometrial adenocarcinoma obtained from postmenopausal women, the staining for UCN was very weak or absent both in epithelial and stromal cells when compared to healthy counterparts entrapped in the same slide (Fig. 3B) . This result was constantly observed in all the different samples of endometrial adenocarcinoma evaluated, independent of the different grade of differentiation (Fig. 3B , grade 1 endometrioid adenocarcinoma; C, grade 3 poorly differentiated endometrioid adenocarcinoma; D, clear cell variant; E, grade 2 endometrioid adenocarcinoma; F, grade 1 endometrioid adenocarcinoma). Vessel walls showed positive UCN immunostaining in samples of healthy (Fig. 3A) and neoplastic ( Fig. 3C-E) endometrium. When compared to healthy samples, UCN staining intensity was significantly lower (P!0$0001; data not shown).
Discussion
In the present study, we first demonstrated that human postmenopausal endometrium expresses UCN mRNA and peptide, and that UCN is mainly localized in epithelial (both luminal and glandular) and endothelial cells, thus resembling, only in part, the localization previously reported in fertile women. Indeed, by immunohistochemistry, UCN was depicted both in endometrial luminal and glandular epithelial cells, and moderate immunoreactivity was found in stromal cells of both proliferative and secretory phase specimens (Florio et al. 2002) . Taken together, these findings lead us to suggest that in the human endometrium, UCN expression may be under the influence of ovarian steroid hormonesthat are low in postmenopause -and may be involved in maintaining the local expression of UCN in the human endometrium (Petraglia et al. 1996 , Florio et al. 2002 .
The second result of the present study is that UCN expression is decreased in endometrial cancer, opening a new question on the role played by the UCN pathway in endometrial tumorigenesis. In this regard, no in vitro data are available on local UCN effects (Florio et al. 2004) . However, the endometrial expression and distribution of UCN (Florio et al. 2002) , the high homology in sequence and biological activity with CRF (Donaldson et al. 1996) , together with the high affinity of the peptide for CRF receptors (Aguilera et al. 2004 ) lead us to suggest that UCN may be involved in several aspects of endometrial physiology, as already shown for CRF (Florio et al. 2003) . Indeed, CRF induces differentiation of human endometrial cells (Ferrari et al. 1995) , and such process follows the activation of the cAMP pathway (Ferrari et al. 1995 , Graziani et al. 2002 . Therefore, taken collectively, this evidence indicate that activation of CRF receptors likely contributes to the control of normal endometrial function under physiological conditions. Neoplastic cells derived from endometrial cancers maintain the expression of CRF receptors as well as normal signal transduction mechanisms (Graziani et al. 2002) . Furthermore, there is also evidence that the activation of CRF/UCN receptor pathway has growth inhibitory effects on endometrial adenocarcinoma cells in a dose-and time-dependent manner, and that such growth inhibition is mediated by the activation of cAMP-protein kinase A pathway that, in turn, may induce differentiation of endometrial neoplastic cells (Graziani et al. 2002) . Recently, it was shown that CRF counteracts endometrial tumoral cell proliferation, and that its effect is mediated through the type-1 receptor (Graziani et al. 2006) . However, the role of UCN in the control of neoplastic disease has been scarcely investigated. However, recent evidence has shown that UCN inhibits proliferation of melanoma cells in vitro, by activation of CRF-R1 and subsequent altered intracellular Ca 2CC signaling (Carlson et al. 2001) . Furthermore, UCN also inhibits proliferation of human keratinocytes by stimulating the cAMP pathway (Slominski et al. 2000) . Finally, there is evidence for an anti-proliferative effect of CRF-R1 activation in W256 rat mammary cancer cells, coupled with a differentiation-inducing effect (Tjuvajev et al. 1998) . This evidence, and the findings of reduced UCN expression in endometrial adenocarcinoma, allow us to suggest that in endometrial cancer, the reduced expression of UCN may lead to the lack of a UCN-mediated inhibition of cell proliferation, and therefore may contribute to endometrial tumor progression. In addition, the data on UCN immunostaining in vascular vessels, the findings on the role of UCN in endothelial cell functions (Coste et al. 2000 , and the expression of CRF-Rs on human endothelial cells (Simoncini et al. 1999 , Sanz et al. 2002 together suggest a role for this neuropeptide in vascular proliferation and angiogenesis. Indeed, activation of CRF-R2 results in a tonic suppressor of vascularization, and that mechanism has been postulated in the modulation of angiogenesis in cancer (Bale et al. 2002) .
In conclusion, mRNA and peptide UCN expressions are decreased in endometrial adenocarcinoma; the failure of a final common pathway, through the activation of different intracellular messengers, involved in the inhibition of cell growth and proliferation may be pivotal in the endometrial tumor progression. However, the family of UCN also comprises UCN II and UCN III that share high homologies in UCN amino acid sequences, and specifically bind to CRF-R2 (Florio et al. 2004 ). Since UCN binds with different affinity to both CRF-R1 and CRF-R2 (Aguilera et al. 2004) , studies on the expression of UCN II, UCN III, and CRF-R2 in endometrial cancer, and effect of CRF-R2 antagonists on the proliferation and differentiation of the endometrial carcinoma cell lines would expand our knowledge on the net role played by UCNs in endometrial tumorigenesis. Therefore, the presence of CRF/UCN receptors in endometrial cancer and the local lack of UCN expression may be propitious for certain clinical applications, i.e., as a target for long-term UCN therapy.
